A peak-to-average power ratio (PAPR) reduction technique for multiinput single-output (MISO) orthogonal frequency division multiplexing (OFDM) systems with beamforming is proposed. This technique consists of adaptive antenna selection and phase rotation. By using the proposed method, a large reduction in PAPR can be obtained at the expense of a small signal-to-noise ratio (SNR) loss. According to the simulation results, the PAPR is reduced by 10% in terms of complementary cumulative distribution function (CCDF) with negligible SNR loss. If a 1 dB SNR loss is allowed, a 33% reduction in PAPR can be achieved.
INTRODUCTION
Multiple-input single-output (MISO) systems, which have multiple antennas at the transmitter and a single antenna at the receiver, provide spacial diversity, which can reduce the received signal power fluctuations in fading environments [1] . Among techniques achieving maximum diversity gain, transmit beamforming (BF) is a simple approach when the channel state information (CSI) is available at the transmitter. In the BF systems, the burden of the CSI fed back from the receiver to the transmitter, when the up/down link channels are not reciprocal, can be greatly reduced by using a codebook [2] . The BF techniques for narrow band channels can be directly extended to wide band frequency-selective channels by using frequency division multiplexing (OFDM) [3] .
The combination of MISO and OFDM (MISO-OFDM) is an attractive transmission technique in fading environments. However, the potentially high peak-to-average ratio (PAPR) of the MISO-OFDM signals may lead to inband signal distortion and inter-channel interference when using a typical RF power amplifier without sufficient back-off from its saturation point. Therefore, PAPR reduction for MISO-OFDM signals is an important issue for high power efficiency, low power consumption, and low manufacturing cost. There have been many studies on PAPR reduction in the literature, but most of them were developed for single-input single-output (SISO) OFDM signals [4] - [7] .
In this paper, we consider a PAPR reduction method for the MISO-OFDM system employing a BF technique. Among the ex- 
PROPOSED SYSTEM MODEL
The system model considered in this paper is shown in Fig. 1 
where Eq (n) &E RNT X NT is a diagonal matrix whose l-th element is 1 if l-th antenna is used for transmission and 0 otherwise. Therefore, the number of 1 in Eq (n) is the same as the number of the selected antennas by the AS. Note that Eq(n) is identical in an AS group, i.e., Eq (NA (k -1) + 1) = ..= q(NAk) fork = NINA.
Considering all of the subcarriers, 1 < n < N, the total number of AS combinations becomes Q N( N )Y =M Beamforming (BF): In MISO systems, each subcarrier transmits one stream d(n). In AS procedure, d(n) is copied to the transmit antennas for BF, which is denoted by a vector d (n) E CNT x 1 and multiplied by a BF vector w(n) E C NT x1. The BF output can be written as
where o is the element-wise Schur matrix product [9] . Here, to reduce the feedback information, we also assume that the BF vector is the same in a BF group and that each BF group has NB subcarriers, and thus there are a total of NINB beamformers. Therefore, w(NB(k -1) + 1) = = w(NBk) for k = 1,...,NNBg. To maximize the received SNR, the BF vector w(n) is determined using the singular value decomposition (SVD) of the effective channel vector. Since the effective channel of our system is not hq(n), but hq(n) followed by AS, the SVD should be done on hq(n). Further, to determine one BF vector, a representative channel vector in a BF group should be defined. Let hq (n) be a representative channel vector in a BF group to which subcarrier index n belongs. Each BF group has one representative channel vector, i.e., hq(NB(k -1) + 1) hq(NBk) for k 1,...,NN By SVD, hq (n) can be decomposed as hq(n) = 1 [oq (n) 0 .. 0] VqH(n), (3) where u-q (n) is a singular value of hqT (n) and Vq(n) E CNT x NT is a right singular matrix of hT (n). The BF vector w(n) is given by the first column vector ofV (n) and a set ofBF w = {w (1), , w (N)}.
After BF for all BF groups, the frequency-domain OFDM symbol at l-th antenna can be written as
where xI (n) is the l-th element of x(n) in (2) . According to AS, if the l-th transmit antenna was not selected, then the l-th element of a vector w(n) becomes zero and xi (n) in (4) 
PT NT where s1 (i) is the i-th element of sl, max(.) is the maximum, and PT is the total transmission power.
ANTENNA SELECTION AND PHASE ROTATION METHOD
We consider the AS and PR in the BF systems to minimize the PAPR and maximize the minimum effective channel gain, simultaneously. Thus, the feedback information for effective channel gain III-378 
Summary of Scenario
In the proposed AS-PR-BF system, the receiver feeds back the desired BF vector or corresponding codebook index to the transmitter, and the channel gain should be also fed back to the transmitter (see Subsection 3.2). In the BF system based on the codebook, the receiver usually feeds back the phase b rotated BF vector to the transmitter in the form of the codebook index. Since the receiver knows the phase b exactly, the receiver counter-rotates the received signal before performing detection, and any BF vectors associated with the AS combinations can be generated at the transmitter since the transmitter knows both of the phase rotated BF vector, which does not perform AS, and the effective channel gain. Furthermore, all the new AS-PR-BF vectors have the same phase rotation value b as the original BF vector. This implies that the receiver does not need the AS information for detection, so that no additional side feed forward information on the AS is required at the receiver. However, similarly to the conventional PR-BF systems, the PR e should be fed forward to the receiver.
SIMULATION RESULTS
Computer simulations were conducted to examine the performance trade-off between PAPR and BER. The complementary cumulative distribution function (CCDF) of PAPR and the average BER were evaluated. The CCDF is defined as follows [8]:
CCDF(PAPRo) = Pr(PAPR > PAPRo).
PR follows AS and BF and does not change the effective channel gain. The PR matrix is designed according to transmitted symbol vector xl in (4), AS and BF matrices. However, the BF vector totally depends on AS Fq, and it can be seen that PR is determined by AS only. For a given Fq, we define the achievable minimum PAPR of the worst antenna which has largest PAPR, Pmin(Fq) = min PAPRmax1 (rq, W, 0),
e by using PR e, where PAPRmaX, (Fq, W, 0) represents the largest PAPR among NT antennas for given Fq, w, and e. Also, the PR set e that result in Pmin is defined as emin. Since solving (9) for e is very complex and time-consuming, the existing works confined the possible phase rotation values into a finite set. This paper uses a finite phase set {0, 7r/2, 7r, 37r/2}, which is widely used [5] .
Proposed AS-PR-BF System
It turns out that maximizing Gmin (q) in (8) In the simulations, the MISO channel is obtained by generating independent Gaussian random variables with a mean of zero, and the results shown below are the averages over 1, 000 independent trials. The simulation parameters are shown in Table 1 . The eigen BF for a group uses the representative channel or BF vector, which has the largest instantaneous channel gain.
Figs. 2 and 3 show the CCDF of PAPR and BER, respectively. In these figures, the conventional BF did not use any PAPR reduction schemes. When A is 0, the proposed AS-PR focuses on maximizing the effective channel gain; therefore, all transmit antennas were selected, i.e., PR without AS. The result indicates that about a 2 dB reduction in PAPR can be achieved by PR only without any BER performance loss. Also, the proposed method obtained further PAPR reduction compared to that of the system using PR only, at the expense of BER performance. Let EbNo (dB) 
